Ribbons of composition Co49Ni21Ga30 have been prepared by melt-spinning method. X-ray diffraction investigation revealed single phase with B2 structure at room temperature. However, analysis of magnetization dependence of temperature suggests phase transition in the range 150-250 K. Resistivity measurements revealed similar transition with shift to higher temperatures in the presence of magnetic field.
Introduction
Ferromagnetic superelastic alloys (FSA) have attracted scientific attention in recent years, since they are perspective materials that can be used as sensors and actuators [1] . Properties of superelastic change are mostly influenced by martensitic transformation (MT), which appears between two solid phases called martensite and austenite by coordinated shear relocation of atoms over very short distances (usually in order of Å). It can be triggered by a stress, by a temperature and, in the case of the ferromagnetic alloys [2] , by a magnetic field change. Thus, ferromagnetic superelastic materials have advantage in having one more control parameter. Austenite is high temperature phase and it is stable without stress. Martensite is low temperature phase and it is stabilized by stress. Variations between crystal structures of both phases and their lattice parameters result in strain. It is known from studies on single crystals that we can achieve maximum strain in one direction that is strictly determined by shape of both changing crystal structures [3] . Some applications require preferred crystal orientation, which can be used to achieve maximum strain in defined direction.
So far, many alloys with aforementioned properties have been discovered, for example alloys NiMnGa [2] [3] [4] , FePd [5] , CoNi(Al or Ga) [6] [7] [8] [9] , FeMnAlNi [10, 11] , Co2CrGaSi [12] , or FSA are usually produced by arcmelting [6, 9, 11, 12] , by rapid solidification method, or by growing of single crystals [4, 10] with additional annealing. However, melt spinning method can help to avoid * corresponding author; e-mail: jakub.mino@student.upjs.sk long-term annealing (or at least significantly reduce it) keeping good qu ality of highly textured polycrystalline ribbons [13] . So far, there has been successful progress on rapidly quenched ribbons, where only short-term annealing is required to relax the induced internal stress [7] .
In this work, we show that rapid quenching method is efficient method for producing a ferromagnetic superelastic alloy that is in a single phase at room temperature and shows phase transformation with different magnetic properties of both phases.
Experimental
Master alloy with off-stoichiometric composition of the Heusler alloys (Co 49 Ni 21 Ga 30 ) have been produced using arc melting method in an argon atmosphere from highly pure elements (Co -99.9+%, Ni -99.95+%, Ga -99.99%). Ribbon have been produced from master alloy using melt spinning technique in a helium atmosphere. Tangential speed of surface of a copper wheel was set to 20 m s −1 . Scanning electron microscope (SEM) JEOL 6100 operated at 30 kV was used to examine the microstructure of the sample and it was equipped with Xray energy dispersive spectroscopy system (EDX) Inca Energy 200. SEM ran in secondary electrons detection mode. X-ray diffractometer (XRD) RTG Philips Xpert Pro equipped with Cu anode (K α1 , λ = 0.154089 nm) was used to study structure of produced ribbons. Magnetic measurements were carried by Quantum Design physical property measurement system (PPMS) and by magnetic properties measurement system (MPMS) in the 5-400 K temperature range under the external magnetic field up to 50 kOe. Electric current used in resistivity measurements have been set to 1 mA. Sample was longitudinally oriented to the magnetic field in both measurement systems.
J. Mino et al.
Result and discussion
Microstructure analysis provided by SEM revealed polycrystalline structure with a size of crystallites varying between 10 to 30 µm. Thickness of the ribbon is 30 µm (measured from the SEM picture of crosssection shown in Fig. 1 ). Directional growth of crystallites (perpendicular to ribbon plane) is most probably caused by strong thermal gradient created during rapid quenching. EDX analyses confirmed nominal composition Co 49. 4 Ni 20.6 Ga 30.0 , which corresponds well with desired one (Fig. 2) . Analyses were taken from 5 sites on three different pieces of ribbon and deviation from nominal composition was ±0.8%. Sufficient homogeneity of sample was achieved without long-term annealing of master alloys comparing to [7] . X-ray diffractogram measured at room temperature shows single phase considered to be B2 crystal structure (Y -Z disorder of L2 1 Heusler alloy) [14] . Lattice parameter for the phase was determined to be 2.857 Å.
Magnetic characterization revealed a structural transition at the temperature below room temperature. Transformation occurs between high-temperature austenite and low-temperature martensite phase (Fig. 3) . XRD of austenite phase corresponds to Ref. [6] and it crystallizes in body centered cubic (bcc) crystal structure, so according to [6] martensite phase should crystallize in face centered tetragonal (fct) structure at low temperature. The phase transformation exhibits a hysteresis, from which MT temperatures were obtained. Austenite start temperature (A s ) was determined to be 179 K austenite finish temperature (A f ) to be 252 K. Martensite phase transformation starts (M s ) at 216 K and finish (M f ) at 149 K. The transition of polycrystalline sample is spread into the wilder temperature range contrary to single crystal [8] .
Both phases have different saturated magnetization and magnetocrystalline anisotropy, that was confirmed by measurements of hysteresis loops. Hysteresis loops (shown in Fig. 4 ) were taken at different temperatures: at full-martensite temperature (90 K), twice during the transition (177 K) on cooling and heating cycle, at full austenite temperature (265 K). Hysteresis loops indicate that low-temperature phase is more anisotropic. Resistivity dependence on temperature (Fig. 5) confirms MT with M s = 215 K and for M f = 155 K in accordance with magnetic measurements. M s and M f dependence on magnetic field does not reveal monotonic increase (Table I) , since these temperatures are sensitive to local changes of structure in alloy. On the other side, inflex points of resistivity dependence on temperature (where major part of transition takes place) shows almost monotonic increase with applied magnetic field. 
Conclusions
Ferromagnetic superelastic alloy Co 49 Ni 21 Ga 30 has been produced by melt spinning method. The alloy was characterized as single phase with B2 structure. Magnetic measurements revealed phase transformation in temperature range 149-252 K. From resistivity measurement, we can see that it is possible to shift MT temperatures to higher temperatures.
